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Abstract
Introduction: The impact of gender on outcome in critically ill patients is unclear. We investigated the influence of
gender on the epidemiology of severe sepsis and associated morbidity and mortality in a large cohort of ICU
patients in the region of Piedmont in Italy.
Methods: This was a post-hoc analysis of data from a prospective, multicenter, observational study in which all
patients admitted to one of 24 participating medical and/or surgical ICUs between 3 April 2006 and 29 September
2006 were included.
Results: Of the 3,902 patients included in the study, 63.5% were male. Female patients were significantly older
than male patients (66 ± 16 years vs. 63 ± 16 years, P < 0.001). Female patients were less likely to have severe
sepsis and septic shock on admission to the ICU and to develop these syndromes during the ICU stay.
ICU mortality was similar in men and women in the whole cohort (20.1% vs. 19.8%, P = 0.834), but in patients with
severe sepsis was significantly greater in women than in men (63.5% vs. 46.4%, P = 0.007). In multivariate logistic
regression analysis with ICU outcome as the dependent variable, female gender was independently associated with
a higher risk of ICU death in patients with severe sepsis (odds ratio = 2.33, 95% confidence interval = 1.23 to 4.39,
P = 0.009) but not in the whole cohort (odds ratio = 1.07, 95% confidence interval = 0.87 to 1.34).
Conclusion: In this large regional Italian cohort of ICU patients, there were more male than female admissions. The
prevalence of severe sepsis was lower in women than in men, but female gender was independently associated
with a higher risk of death in the ICU for patients with severe sepsis.
Introduction
During the past decade, several clinical and epidemiological
studies have investigated the impact of gender on outcome
in various clinical settings, yielding conflicting results
[1-10]. Sexual dimorphism in the immune response to nox-
ious agents has been correlated to differences in sex steroid
hormone concentrations that ultimately determine the
effect of gender on outcome [11-13]. Females have been
observed to have more prominent hormonal and cell-
mediated immune responses compared with males. Schrö-
der and colleagues demonstrated that male patients with
sepsis had testosterone levels that were consistently lower
than the normal range and that postmenopausal female
patients had higher estradiol levels than expected [14].
These differences in hormonal secretion may play a key
role in the improved survival of critically ill women. More-
over, dysregulated proinflammatory and anti-inflammatory
responses related to sexual immunomodulation of the
cytokine network are thought to be responsible for differ-
ences in susceptibility to sepsis and subsequent multiorgan
failure, which correlate with sex-based mortality rates
[12,15]. A recent French study, however, found that mor-
tality was higher among female ICU patients developing
nosocomial infections than among male patients [10].
A higher risk of in-hospital death was also found for
younger women undergoing coronary artery bypass surgery
[4] and for female trauma patients who acquired pneumo-
nia during the ICU stay [3].
We conducted this post-hoc analysis to investigate the
influence of gender on the epidemiology of severe sepsis
in a large cohort of ICU patients in the region of Piedmont
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in Italy and its possible impact on morbidity and mortality
in these patients.
Materials and methods
All adult patients (> 18 years old) admitted to the 24
Italian ICUs participating in the Piedmont Intensive Care
Unit Network were included in this prospective multicen-
ter observational study conducted between 3 April 2006
and 29 September 2006 [16,17]. These ICUs represent
75% of the ICUs in the region of Piedmont; in particular,
peripheral and central hospitals of the provinces of Torino,
Cuneo, Asti and Alessandria. Recruitment for participation
was by open invitation and was voluntary, with no finan-
cial incentive. The study was approved by the institutional
review board of the coordinating center (San Giovanni
Battista-Molinette Hospital, University of Turin, Italy) and
adopted by the participating centers (Additional file 1).
Informed consent was not required because of the obser-
vational nature of the study.
Data collection was performed using database-oriented
software. For all variables collected, precise definitions
were provided in the relevant part of the software. In each
ICU, a trained physician was responsible for data collec-
tion and entry. Central support was provided by the
department of anesthesiology and intensive care at the
University of Turin (coordinating center). Validity checks
were made concurrent with data entry in the electronic
case record form, including plausibility checks for each
variable and between variables. Data were further reviewed
by the coordinating center, and any doubts clarified with
the corresponding ICU.
For all patients, the following data were recorded on
admission to the ICU: demographics (age, sex), admission
diagnoses, admission category (medical, scheduled surgery,
emergency surgery, or trauma) and origin (emergency,
surgical or medical ward or another ICU from the same
hospital, or transfer from another hospital), comorbidities,
surgical status, reason for admission, and the components
of the Simplified Acute Physiology Score (SAPS) II [18].
Daily data collection included the presence of systemic
inflammatory response syndrome. Patients with > 2 sys-
temic inflammatory response syndrome criteria were addi-
tionally screened for the presence of infection, and the
parameters of organ dysfunction/failure as assessed by the
Sequential Organ Failure Assessment (SOFA) score [19]
were recorded daily thereafter by the attending physician.
Patients were followed up from the first day of admission
until death or ICU discharge. Only the first admission to
the ICU was considered.
Definitions
Sepsis syndromes were diagnosed according to the criteria
proposed by the American College of Chest Physicians/
Society of Critical Care Medicine Consensus Conference
[20]. ICU-acquired sepsis was defined as sepsis identified >
48 hours after ICU admission and non-ICU-acquired sep-
sis as sepsis occurring within 48 hours of ICU admission.
Surgical admissions were defined as patients who had
undergone surgery within 2 weeks preceding admission.
Emergency surgery was defined as a nonscheduled opera-
tion within 24 hours of the onset of symptoms or injury.
Comorbidities included the presence of insulin-dependent
diabetes mellitus (need for daily injection of insulin prior
to ICU admission), chronic obstructive pulmonary disease,
heart failure class III or IV according to the New York
Heart Association definitions, and chronic renal failure
(need for chronic renal support or history of chronic renal
insufficiency). Patients were also classified by the admit-
ting physician according to whether they were admitted to
the ICU for only short-term monitoring, had an expected
ICU length of stay < 24 hours, or were admitted for inten-
sive care treatment with an expected ICU length of stay >
24 hours.
We also examined the epidemiology of severe septic
syndromes in two a priori defined age subgroups of
patients (≤ 50 years and > 50 years), assuming that a
50-year cutoff value represented a reasonable physiological
limit between premenopausal and postmenopausal periods
for women.
Outcome parameters
The primary outcome parameter was death in the ICU.
Secondary outcome parameters were the development of
sepsis syndromes in the ICU and the ICU length of stay.
Statistical analysis
Data were analyzed using SPSS 17.0 for Windows (SPSS
Inc., Chicago, IL, USA). Discrete variables are expressed as
counts (percentage) and continuous variables as means ±
standard deviation or median and interquartile range
unless stated otherwise. Categorical data were compared
using the chi-square test with Yates’ correction, by Fisher’s
exact test or by the Cochran-Armitage trend test, as
appropriate. A Kolmogorov-Smirnov test was used to ver-
ify the normality of distribution of continuous variables.
Continuous variables conforming to a normal distribution
were compared using analysis of variance and Student’s t
test; otherwise the Kruskal-Wallis and Mann-Whitney U
tests were applied. A Bonferroni correction was done for
multiple comparisons. Kaplan-Meier survival curves strati-
fied according to gender were plotted over the 28 days fol-
lowing admission to the ICU and were compared using a
log-rank test.
To investigate the impact of gender on ICU mortality
adjusting for differences in baseline characteristics and
severity of illness, we performed a logistic regression ana-
lysis with ICU mortality as the dependent factor in the
overall population. Variables included in this analysis
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were age, comorbid diseases, SAPS II on admission, the
referring facility, the type of admission to the ICU, the
presence of sepsis syndromes and the time of acquisition
of sepsis. Collinearity between the variables was excluded
prior to modeling. A Hosmer and Lemeshow goodness-
of-fit test was performed, and odds ratios (ORs) with 95%
confidence intervals (CIs) were computed. We adjusted
for the center effect in the final model by introducing
this as a covariate, with the center that included the lar-
gest number of patients as the reference category. A simi-
lar model was constructed in patients with severe sepsis.
The source of infection, SOFA scores, and the time of
acquisition of sepsis were also considered in this model.
In the whole cohort, the multivariate analysis included all
covariates. In patients with severe sepsis, however, cov-
ariates were included if P < 0.2 in a univariate logistic
regression analysis in order to reduce the number of cov-
ariates in the model because of the relatively small num-
ber of patients in this subgroup.
All statistics were two-tailed and P < 0.05 was consid-
ered statistically significant.
Results
Characteristics of the study cohort
During the study period 3,902 patients were admitted to
the participating centers, of whom 2,479 (63.5%) were
male. The characteristics of the study group are shown
in Table 1 [16,17]. Female patients were significantly
older than male patients (66 ± 16 years vs. 63.4 ± 15.6
years, P < 0.001). There were no significant differences
between men and women in comorbidities, SAPS II,
type and reason of admission, or referring facility. More
of the patients admitted with trauma were male (15.8%
vs. 8.6%, P < 0.001).
Impact of gender on the epidemiology of severe sepsis
The frequency of severe sepsis, including septic shock,
during the ICU stay was lower in women than in men
(6.0% vs. 8.9%, P = 0.001) irrespective of the age group,
mainly because of the lower occurrence of these syn-
dromes in women within 48 hours of admission to the
ICU (2.3% vs. 4%, P = 0.005) (Table 2). The prevalence of
septic shock was extremely low in female patients aged ≤
Table 1 Characteristics of the study cohort on admission to the ICU stratified according to gender
All patients Male Female P value
n 3,902 2,479 1,423
Age (years) 64.3 ± 15.7 63.4 ± 15.6 66.0 ± 16 < 0.001
SAPS II 37.2 ± 17.7 37.2 ± 18 37.5 ± 17.5 0.326
Comorbidities
Diabetes mellitus 586 (15) 361 (14.6) 225 (15.8) 0.293
Renal failure (without dialysis) 269 (6.9) 172 (6.9) 97 (6.8) 0.885
Renal failure (with dialysis) 97 (2.5) 55 (2.2) 42 (3) 0.157
Hematological cancer 65 (1.7) 44 (1.8) 21 (1.5) 0.518
Chronic heart failure (NYHA III to IV) 303 (7.8) 182 (7.3) 121 (8.5) 0.192
COPD 280 (7.2) 192 (7.7) 88 (6.2) 0.069
Type of admission 0.279
Elective surgery 1,515 (38.8) 967 (39) 548 (38.5)
Emergency surgery 979 (25.1) 602 (24.3) 377 (26.5)
Medical admission 1,408 (36.1) 910 (36.7) 498 (35)
Reason for admission 0.179
Only monitoring 1,793 (46) 1,119 (45.1) 674 (47.4)
Intensive care 2,109 (54) 1,360 (54.9) 749 (52.6)
Trauma 514 (13.2) 392 (15.8) 122 (8.6) < 0.001
Referring facility 0.087
Other hospital 445 (11.4) 287 (11.6) 158 (11.1)
Surgical ward 1,789 (45.8) 1,106 (44.6) 683 (48)
Emergency department 937 (24.0) 629 (25.4) 308 (21.6)
Medical ward 625 (16.0) 389 (15.7) 236 (16.6)
Other ICU 106 (2.7) 68 (2.7) 38 (2.7)
ICU mortality 780 (20) 498 (20.1) 282 (19.8) 0.838
ICU length of stay (days) 3 (1 to 9) 3 (1 to 10) 3 (1 to 7) 0.154
Data presented as mean ± standard deviation, n (%) or median (interquartile range). COPD, chronic obstructive pulmonary disease; NYHA, New York Heart
Association classification; SAPS, Simplified Acute Physiology Score.
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50 years (0.9%). Among 305 patients who had severe sepsis
or septic shock during the ICU stay, 220 (72.1%) were
male and only 85 (27.9%) were female. Female patients
with severe sepsis were older than male patients (67.7 ±
14.3 years vs. 63.1 ± 15 years, P = 0.004), but other base-
line characteristics, the source of infection, and SOFA
scores were similar irrespective of gender (Tables 3 and 4).
Impact of gender on outcome
The overall ICU mortality rate was 20% and did not differ
significantly between male and female patients (20.1% vs.
19.8%, P = 0.838). Twenty-eight-day survival rates, cen-
sored at ICU discharge, were similar in male and female
patients (log-rank P = 0.148, Figure 1). The median ICU
length of stay in the whole cohort was 3 (1 to 9) days
Table 2 Frequency of severe sepsis according to gender in the whole population and stratified by age
All patients (n =
3,902)
Patients aged ≤ 50 years (n =
703)
Patients aged > 50 years (n =
3,199)
Male Female Male Female Male Female
N 2,479 1,423 474 229 2,005 1,194
On admission to the ICU
Severe sepsis and septic shock 119 (4.8) 51 (3.6)* 17 (3.6) 4 (1.7)* 102 (5.1) 47 (3.9)*
Septic shock 72 (2.9) 28 (2)* 12 (2.5) 0 (0.0)† 60 (3) 28 (2.3)*
Any time during the ICU stay
Severe sepsis and septic shock 220 (8.9) 85 (6)‡ 47 (9.9) 10 (4.4)† 173 (8.6) 75 (6.3)†
Septic shock 103 (4.2) 42 (3)* 23 (4.9) 2 (0.9)‡ 80 (4) 40 (3.4)*
Severe sepsis within 48 hours of admission 99 (4) 33 (2.3)‡ 30 (6.3) 6 (2.6)* 69 (3.4) 27 (2.3)*
ICU-acquired severe sepsis (> 48 hours) 121 (4.9) 52 (3.7)* 17 (3.6) 4 (1.7)* 104 (5.2) 48 (4)*
*P = 0.1 to 0.05, †P = 0.05 to 0.01, ‡P < 0.01 compared with males.
Table 3 Characteristics of patients with severe sepsis stratified according to gender
All patients Male Female P value
n 305 220 (72.1) 85 (27.9)
Age (years) 64.4 ± 14.9 63.1 ± 15. 67.7 ± 14.3 0.004
SAPS II 55.2 ± 17.8 55.3 ± 17.5 55 ± 18.8 0.972
Comorbidities
Diabetes mellitus 52 (17) 34 (15.5) 18 (21.2) 0.234
Renal failure (without dialysis) 34 (11.1) 25 (11.4) 9 (10.6) 0.847
Renal failure (with dialysis) 22 (7.2) 15 (6.8) 7 (8.2) 0.668
Hematological cancer 10 (3.3) 6 (2.7) 4 (4.7) 0.384
Chronic heart failure (NYHA III to IV) 25 (8.2) 17 (7.7) 8 (9.4) 0.631
COPD 21 (6.9) 18 (8.2) 3 (3.5) 0.150
Type of admission 0.486
Elective surgery 25 (8.2) 17 (7.7) 8 (9.4)
Emergency surgery 109 (35.7) 75 (34.1) 34 (40)
Medical admission 171 (56.1) 128 (58.2) 43 (50.6)
Reason for admission 0.211
Only monitoring 20 (6.6) 12 (5.5) 8 (9.4)
Intensive care 285 (93.4) 208 (94.5) 77 (90.6)
Trauma 32 (10.5) 27 (12.3) 5 (5.9) 0.103
Referring facility 0.532
Other hospital 53 (17.4) 42 (19.1) 11 (12.9)
Surgical ward 83 (27.2) 57 (25.9) 26 (30.6)
Emergency department 96 (31.5) 72 (32.7) 24 (28.2)
Medical ward 57 (18.7) 38 (17.3) 19 (22.4)
Other ICU 16 (5.2) 11 (5) 5 (5.9)
ICU mortality 156 (51.1) 102 (46.4) 54 (63.5) 0.007
ICU length of stay (days) 13 (6 to 26) 13 (7 to 26) 9 (5 to 25) 0.115
Data presented as mean ± standard deviation, n (%) or median (interquartile range). COPD, chronic obstructive pulmonary disease; NYHA, New York Heart
Association classification; SAPS, Simplified Acute Physiology Score.
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(survivors vs. nonsurvivors, 18 (9.5 to 30) vs. 9 (4 to 21),
P < 0.001) and was similar in men and women (Table 1).
In a multivariate logistic regression analysis with ICU
mortality as the dependent variable, female gender was
not independently associated with an increased risk of
death in the ICU (OR = 1.07, 95% CI = 0.87 to 1.34) (full
results of the regression analysis are shown in Additional
file 2).
In patients with severe sepsis, ICU mortality was
51.1% and was higher in women than in men (63.5% vs.
46.4%, P = 0.007). A Kaplan-Meier analysis showed
reduced 28-day survival in female compared with male
patients with severe sepsis (log-rank P = 0.004, Figure 2).
However, the ICU length of stay was similar in men and
women (Table 3). In a multivariate logistic regression
analysis in patients with severe sepsis with ICU outcome
Table 4 Characteristics of infections in patients with severe sepsis stratified according to gender
All patients Male Female P value
n 305 220 (72.1) 85 (27.9)
Site of infection
Pulmonary 183 (60) 138 (62.7) 45 (52.9) 0.118
Abdominal 112 (36.7) 77 (35) 35 (41.2) 0.316
Catheter-related 7 (2.3) 5 (2.3) 2 (2.4) 0.967
Renal 18 (5.9) 13 (5.9) 5 (5.9) 0.993
Central nervous system 9 (3) 5 (2.3) 4 (4.7) 0.260
Bone 4 (1.3) 4 (1.8) 0 0.211
Soft tissue 15 (4.9) 12 (5.5) 3 (3.5) 0.486
Unknown 38 (12.5) 22 (10) 16 (18.8) 0.036
Other 80 (26.2) 53 (24.1) 27 (31.8) 0.172
Initial SOFA subscores
SOFA respiratory 3 (2 to 3) 3 (2 to 3) 2 (2 to 3) 0.312
SOFA hepatologic 0 (0 to 2) 0 (0 to 2) 0 (0 to 1) 0.439
SOFA hematologic 1 (0 to 2) 1 (0 to 2) 1 (0 to 2) 0.803
SOFA renal 1 (0 to 2) 1 (0 to 2) 1 (0 to 2) 0.254
SOFA neurologic 2 (1 to 3) 2 (1 to 3) 2 (1 to 3) 0.729
SOFA cardiovascular 4 (2 to 4) 4 (2 to 4) 3 (1.5 to 4) 0.282
SOFA scores during sepsis
Initial SOFA score 9.6 ± 3.6 9.8 ± 3.7 9.1 ± 3.3 0.190
SOFA mean 9.4 ± 3.6 9.6 ± 3.7 8.9 ± 3.5 0.197
SOFA maximum 9.7 ± 3.6 9.9 ± 3.7 9.1 ± 3.3 0.151
Data presented as n (%) or median (interquartile range). SOFA, Sequential Organ Failure Assessment.
Figure 1 Kaplan-Meier survival curves representing 28-day
survival according to gender in the whole cohort.
Figure 2 Kaplan-Meier survival curves representing 28-day
survival according to gender in patients with severe sepsis.
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as the dependent variable, age (OR = 1.03, 95% CI = 1.01
to 1.05, P = 0.02), female gender (OR = 2.33, 95% CI =
1.23 to 4.39, P = 0.009) and SAPS II (OR = 1.03, 95%
CI = 1.01 to 1.05, P = 0.001) were independently asso-
ciated with a higher risk of ICU death. Other factors
associated with a higher risk of death in this population
were SOFA respiratory and SOFA cardiovascular sub-
scores, referral from a surgical ward, an emergency
department or another ICU, and an abdominal site of
infection (Table 5).
Discussion
The main finding of our study was that, although the
overall prevalence of severe sepsis was lower in female
patients admitted to the ICU than in male patients,
female gender was independently associated with a
higher risk of death in the ICU in patients with severe
sepsis.
In our study, there were more male than female ICU
admissions. This finding has been consistently reported in
all the large epidemiologic studies in ICU patients [21-23].
The reason for this finding is unclear. One proposal has
been that there may be a gender-related bias in the provi-
sion of care [5,8,24]. In a large multicenter Austrian cohort
including 25,998 adult ICU patients, despite a higher
severity of illness in women, men received an increased
level of care and underwent more invasive procedures [5].
Another large single-center retrospective study, including
Table 5 Logistic regression analysis with ICU mortality as the dependent variable in patients with severe sepsis
Univariate Multivariatea
OR (95% CI) P value OR (95% CI) P value
Age (per year) 1.03 (1.02 to 1.05) < 0.001 1.03 (1 to 1.059) 0.016
Sex (female) 2.01 (1.20 to 3.37) 0.008 2.23 (1.17 to 4.24) 0.014
Comorbidities
Diabetes mellitus 0.79 (0.43 to 1.45) 0.465
Renal failure (with dialysis) 0.21 (0.07 to 0.64) 0.006 2.9 (0.68 to 12.45) 0.151
Renal failure (without dialysis) 1.05 (0.52 to 2.15) 0.887
Heart failure (NYHA III to IV) 0.96 (0.42 to 2.19) 0.929
COPD 0.50 (0.19 to 1.28) 0.147 1.75 80.58 to 5.32) 0.319
SAPS II (per point) 1.04 (1.03 to 1.06) < 0.001 1.03 (1.01 to 1.05) 0.002
Type of admission
Elective surgery R NA R NA
Emergency surgery 1.56 (0.64 to 3.84) 0.330 1.09 (0.38 to 3.5) 0.891
Medical admission 2.28 (0.95 to 5.43) 0.064 1.7 (0.5 to 5.76) 0.392
Initial SOFA subscores
SOFA respiratory 1.53 (1.21 to 1.92) < 0.001 1.65 (1.24 to 2.2) 0.001
SOFA hepatologic 1.18 (0.96 to 1.45) 0.110 1.25 (0.94 to 1.66) 0.126
SOFA hematologic 1.32 (1.08 to 1.60) 0.006 1.28 (0.99 to 1.65) 0.059
SOFA renal 1.29 (1.07 to 1.54) 0.006 0.92 (0.71 to 1.19) 0.535
SOFA neurologic 1.097 (0.94 to 1.29) 0.257
SOFA cardiovascular 1.272 (1.09 to 1.49) 0.003 1.24 (1.02 to 1.51) 0.034
Referring facility
Other hospital R NA R NA
Surgical ward 0.2 (0.09 to 0.45) < 0.001 5.17 (1.2 to 22.29) 0.027
Emergency department 0.93 (0.28 to 3.1) 0.913 3.53 (1.52 to 8.21) 0.003
Medical ward 0.52 (0.26 to 1.05) 0.068 1.43 (0.52 to 3.93) 0.492
Other ICU 0.31 (0.15 to 0.63) 0.001 4.87 (1.85 to 12.85) 0.001
Source of infection
Pulmonary 0.926 (0.586 to 1.465) 0.743
Abdominal 0.542 (0.338 to 0.871) 0.011 2.51 (1.15 to 5.44) 0.02
Renal 1.697 (0.640 to 4.501) 0.288
Central nervous system 0.833 (0.219 to 3.164) 0.789
Bone 3.185 (0.328 to 30.965) 0.318
Soft tissue 1.208 (0.427 to 3.417) 0.722
Logistic regression analysis with ICU mortality as the dependent variable in patients with severe sepsis (n = 305). CI, confidence interval; COPD, chronic
obstructive pulmonary disease; NA, not applicable; NYHA, New York Heart Association classification; OR, odds ratio; R, reference category; SAPS, Simplified Acute
Physiology Score; SOFA, Sequential Organ Failure Assessment. aHosmer and Lemeshow c2 = 10.543 (P = 0.229). Nagelkerke pseudo-R2 = 0.39.
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24,778 critically ill patients, reported that among patients
50 years or older, women were less likely than men to
receive life-supporting treatments [8]. The differences in
provision of care are probably not responsible alone
for the higher ICU admission rates in men than women.
Gender-related differences in immune response and in the
presentation of critical illness cannot be excluded as an
explanation for this finding [14,25].
The possible impact of gender on outcome from critical
illness has been reported previously but with conflicting
results [6,8,10]. In our study, gender had no impact on the
ICU mortality rate in a large cohort of critically ill patients
admitted to the region of Piedmont in Italy. To the best of
our knowledge, our study is the first study to investigate
the impact of gender in a representative sample of ICU
patients admitted to a specific region. The absence of gen-
der-related differences in outcome in our study does not
preclude possible differences in outcome in specific sub-
groups of ICU patients. In agreement with our results,
Valentin and colleagues found that outcome was similar in
critically ill men and women admitted to 31 Austrian ICUs
despite differences in the therapeutic approach according
to gender [5]. However, Fowler and colleagues reported
that female patients were more likely to die after critical
illness [8] - although their study was limited by its single-
center nature and retrospective design. Discrepancies
between the results of these studies can also be explained,
at least in part, by the differences in case mix.
In our study, the prevalence of severe sepsis was lower
in women than in men. The design of our study does not
enable us to elaborate on the possible pathophysiologic
reasons for this finding. It has been reported that an
increased estradiol level may enhance immune function in
females [14,26,27]. Moreover, a predominance of anti-
inflammatory mediators in women [14] may be responsi-
ble for a protective effect in female critically ill patients in
terms of development of severe sepsis. Our results confirm
those reported by Adrie and colleagues, in which women
had a lower prevalence of severe sepsis [28]. Other results
from Wichmann and colleagues showed a significantly
lower incidence of severe sepsis/septic shock in female
ICU patients between 60 and 79 years old compared with
male patients [1]. In contrast, in a recent prospective mul-
ticenter cohort study of adult trauma patients with hemor-
rhagic shock, Sperry and colleagues noted that female
gender was associated with a significant reduction in rates
of multiple organ failure and nosocomial infection [12].
Differences in gender-related outcome may also exist in
patients with severe sepsis. Schröder and colleagues
reported higher survival rates in women with surgical
sepsis than in men [14,25]. These authors also analyzed
sex-related hormonal secretion and different patterns of
proinflammatory and anti-inflammatory mediators in
response to severe sepsis and found a more favorable
hormonal and immunologic profile in women than in
men. This study was limited, however, by the small num-
ber of patients and the inclusion of only surgical sepsis. In
a large case-control study including 1,692 patients with
severe sepsis, Adrie and colleagues found that mortality
was higher in men than in women, especially in the sub-
group of patients > 50 years old [7]. Several experimental
studies have also reported a survival benefit in female sep-
tic animals compared with males [13,29]. Sexually
dimorphic cytokine profiles, such as increased levels of
proinflammatory cytokines, have been suggested to be
responsible for this phenomenon [13,29]. Sex steroids can
also modulate the inflammatory response and may subse-
quently influence outcome after septic challenge [30].
The results of our study are in contrast to some pre-
vious findings [7,14,25], with female gender being inde-
pendently associated with a higher risk of death in
patients with severe sepsis. Indeed, our data suggest a
protective effect of female gender in terms of developing
sepsis, with a lower prevalence of severe sepsis and septic
shock. We suggest that females with an unfavorable
immunologic profile are those who are more liable to
develop severe sepsis and subsequently have a worse
prognosis, but this hypothesis needs to be confirmed in
large, prospective studies. Our results agree with those of
Eachempati and colleagues, who demonstrated that
female gender was an independent predictor of increased
mortality in critically ill patients with documented infec-
tion [31]. More recently, Combes and colleagues analyzed
the gender-related outcome of a mixed population of
patients who developed nosocomial infections in the ICU
and also reported that female gender was associated with
an increased risk of ICU mortality [10].
Although this cohort of ICU patients is a representative
sample from a specific region, our study has some limita-
tions. First, the epidemiology of sepsis in this region may
not be extrapolated to all ICUs in Italy. These results can
also not be extrapolated to other parts of the world because
genetic polymorphisms that could have an impact on mor-
tality are not taken into account. Second, we considered
only short-term outcome in terms of ICU mortality, and
cannot therefore comment on the potential impact of gen-
der on in-hospital mortality or longer term outcomes.
Third, the relatively small sample size in the subgroup of
patients with severe sepsis may be another limitation of
our study. Finally, the multivariate analysis is limited to the
variables considered for this analysis; however, we included
a large number of variables relevant to outcome in this
population, and adjusted for the center effect.
Conclusions
In this large, regional Italian cohort of ICU patients,
there were more male than female ICU admissions. The
prevalence of severe sepsis was lower in women than in
Sakr et al. Critical Care 2013, 17:R50
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men, but female gender was independently associated
with a higher risk of death in the ICU in patients with
severe sepsis.
Key messages
• In this cohort, the overall prevalence of severe sep-
sis was lower in female patients admitted to the ICU
than in male patients.
• Female gender was independently associated with a
higher risk of death in the ICU in patients with
severe sepsis.
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Abbreviations
CI: confidence interval; OR: odds ratio; SAPS: Simplified Acute Physiology
Score; SOFA: Sequential Organ Failure Assessment.
Authors’ contributions
VMR, LM, BB, SC, SL, and GF designed the study, contributed to recruitment
of patients, and organized data collection during the study period. CF
performed data-mining and organized the electronic data entry. CF and YS
performed the statistical analysis. YS, CE, LM and VMR edited the manuscript.
All authors read, revised, and accepted the submitted manuscript.
Competing interests
The authors declare that they have no competing interests.
Acknowledgements
Study coordination and data analysis were carried out in the Department of
Anesthesiology and Intensive Care, San Giovanni Battista-Molinette Hospital,
University of Torino, Italy and in the Department of Anesthesiology and
Intensive Care, Friedrich-Schiller-University Jena, Germany. The study was
supported by the Regione Piemonte, progetti finalizzati di ricerca.
Author details
1Department of Anesthesiology and Intensive Care, Friedrich-Schiller-University,
Erlanger Allee 103, 07743 Jena, Germany. 2Department of Anesthesiology and
Intensive Care, San Giovanni Battista-Molinette Hospital, University of Turin,
corso Dogliotti 14, 10126 Turin, Italy. 3Department of Anesthesiology and
Intensive Care, Ospedale degli Infermi, via Rivalta 29, 10128 Rivoli (TO), Italy.
4Department of Anesthesiology and Intensive Care, Ospedale Cardinal Massaia,
corso Dante 202, 14100 Asti, Italy. 5Department of Anesthesiology and Intensive
Care, Ospedale Giovanni Bosco, piazza Donatore di sangue n° 3, 10154 Turin,
Italy. 6Department of Anesthesiology and Intensive Care, Ospedale Santa Croce,
Piazza A. Ferdinando n° 3, 10024 Moncalieri (TO), Italy.
Received: 24 September 2012 Revised: 12 February 2013
Accepted: 8 March 2013 Published: 18 March 2013
References
1. Wichmann MW, Inthorn D, Andress HJ, Schildberg FW: Incidence and
mortality of severe sepsis in surgical intensive care patients: the
influence of patient gender on disease process and outcome. Intensive
Care Med 2000, 26:167-172.
2. Rappold JF, Coimbra R, Hoyt DB, Potenza BM, Fortlage D, Holbrook T,
Minard G: Female gender does not protect blunt trauma patients from
complications and mortality. J Trauma 2002, 53:436-441.
3. Croce MA, Fabian TC, Malhotra AK, Bee TK, Miller PR: Does gender
difference influence outcome? J Trauma 2002, 53:889-894.
4. Woods SE, Noble G, Smith JM, Hasselfeld K: The influence of gender in
patients undergoing coronary artery bypass graft surgery: an eight-year
prospective hospitalized cohort study. J Am Coll Surg 2003, 196:428-434.
5. Valentin A, Jordan B, Lang T, Hiesmayr M, Metnitz PG: Gender-related
differences in intensive care: a multiple-center cohort study of
therapeutic interventions and outcome in critically ill patients. Crit Care
Med 2003, 31:1901-1907.
6. Reinikainen M, Niskanen M, Uusaro A, Ruokonen E: Impact of gender on
treatment and outcome of ICU patients. Acta Anaesthesiol Scand 2005,
49:984-990.
7. Adrie C, Azoulay E, Francais A, Clec’h C, Darques L, Schwebel C, Nakache D,
Jamali S, Goldgran-Toledano D, Garrouste-Org M, Timsit JF: Influence of
gender on the outcome of severe sepsis: a reappraisal. Chest 2007,
132:1786-1793.
8. Fowler RA, Sabur N, Li P, Juurlink DN, Pinto R, Hladunewich MA,
Adhikari NK, Sibbald WJ, Martin CM: Sex-and age-based differences in the
delivery and outcomes of critical care. CMAJ 2007, 177:1513-1519.
9. Magnotti LJ, Fischer PE, Zarzaur BL, Fabian TC, Croce MA: Impact of gender
on outcomes after blunt injury: a definitive analysis of more than 36,000
trauma patients. J Am Coll Surg 2008, 206:984-991.
10. Combes A, Luyt CE, Trouillet JL, Nieszkowska A, Chastre J: Gender impact
on the outcomes of critically ill patients with nosocomial infections. Crit
Care Med 2009, 37:2506-2511.
11. Angstwurm MW, Gaertner R, Schopohl J: Outcome in elderly patients with
severe infection is influenced by sex hormones but not gender. Crit Care
Med 2005, 33:2786-2793.
12. Sperry JL, Nathens AB, Frankel HL, Vanek SL, Moore EE, Maier RV, Minei JP:
Characterization of the gender dimorphism after injury and hemorrhagic
shock: are hormonal differences responsible? Crit Care Med 2008,
36:1838-1845.
13. Diodato MD, Knoferl MW, Schwacha MG, Bland KI, Chaudry IH: Gender
differences in the inflammatory response and survival following
haemorrhage and subsequent sepsis. Cytokine 2001, 14:162-169.
14. Schröder J, Kahlke V, Staubach KH, Zabel P, Stuber F: Gender differences in
human sepsis. Arch Surg 1998, 133:1200-1205.
15. Oberholzer A, Keel M, Zellweger R, Steckholzer U, Trentz O, Ertel W:
Incidence of septic complications and multiple organ failure in severely
injured patients is sex specific. J Trauma 2000, 48:932-937.
16. Laudari L, Sakr Y, Elia C, Mascia L, Barberis B, Cardellino S, Livigni S, Fiore G,
Filippini C, Ranieri VM: Epidemiology and outcome of sepsis syndromes
in Italian ICUs: a regional multicenter observational cohort [abstract]. Crit
Care 2012, 16(Suppl 1):P397.
17. Sakr Y, Elia C, Mascia L, Barberis B, Cardellino S, Livigni S, Fiore G, Filippini C,
Ranieri VM: Being overweight or obese is associated with decreased
mortality in critically ill patients: a retrospective analysis of a large
regional Italian multicenter cohort. J Crit Care 2012, 27:714-721.
18. Le Gall JR, Lemeshow S, Saulnier F: A new Simplified Acute Physiology
Score (SAPS II) based on a European/North American multicenter study.
JAMA 1993, 270:2957-2963.
19. Vincent JL, Moreno R, Takala J, Willatts S, De Mendonca A, Bruining H,
Reinhart CK, Suter PM, Thijs LG: The SOFA (Sepsis-related Organ Failure
Assessment) score to describe organ dysfunction/failure. On behalf of
the Working Group on Sepsis-Related Problems of the European Society
of Intensive Care Medicine. Intensive Care Med 1996, 22:707-710.
20. Bone RC, Balk RA, Cerra FB, Dellinger RP, Fein AM, Knaus WA, Schein RM,
Sibbald WJ: Definitions for sepsis and organ failure and guidelines for
the use of innovative therapies in sepsis. The ACCP/SCCM Consensus
Conference Committee. American College of Chest Physicians/Society of
Critical Care Medicine. Chest 1992, 101:1644-1655.
21. Martin GS, Mannino DM, Eaton S, Moss M: The epidemiology of sepsis in
the United States from 1979 through 2000. N Engl J Med 2003,
348:1546-1554.
22. Vincent JL, Rello J, Marshall J, Silva E, Anzueto A, Martin CD, Moreno R,
Lipman J, Gomersall C, Sakr Y, Reinhart K: International study of the
prevalence and outcomes of infection in intensive care units. JAMA 2009,
302:2323-2329.
23. Vincent JL, Sakr Y, Sprung CL, Ranieri VM, Reinhart K, Gerlach H, Moreno R,
Carlet J, Le Gall JR, Payen D: Sepsis in European intensive care units:
results of the SOAP study. Crit Care Med 2006, 34:344-353.
Sakr et al. Critical Care 2013, 17:R50
http://ccforum.com/content/17/2/R50
Page 8 of 9
24. Jaglal SB, Goel V, Naylor CD: Sex differences in the use of invasive
coronary procedures in Ontario. Can J Cardiol 1994, 10:239-244.
25. Schröder J, Kahlke V, Book M, Stuber F: Gender differences in sepsis:
genetically determined? Shock 2000, 14:307-310.
26. Knoferl MW, Diodato MD, Angele MK, Ayala A, Cioffi WG, Bland KI,
Chaudry IH: Do female sex steroids adversely or beneficially affect the
depressed immune responses in males after trauma-hemorrhage? Arch
Surg 2000, 135:425-433.
27. Knoferl MW, Angele MK, Diodato MD, Schwacha MG, Ayala A, Cioffi WG,
Bland KI, Chaudry IH: Female sex hormones regulate macrophage
function after trauma-hemorrhage and prevent increased death rate
from subsequent sepsis. Ann Surg 2002, 235:105-112.
28. Adrie C, Alberti C, Chaix-Couturier C, Azoulay E, De Lassence A, Cohen Y,
Meshaka P, Cheval C, Thuong M, Troche G, Garrouste-Org M, Timsit JF:
Epidemiology and economic evaluation of severe sepsis in France: age,
severity, infection site, and place of acquisition (community, hospital, or
intensive care unit) as determinants of workload and cost. J Crit Care
2005, 20:46-58.
29. Zellweger R, Wichmann MW, Ayala A, Stein S, DeMaso CM, Chaudry IH:
Females in proestrus state maintain splenic immune functions and
tolerate sepsis better than males. Crit Care Med 1997, 25:106-110.
30. Trentzsch H, Stewart D, De MA: Genetic background conditions the effect
of sex steroids on the inflammatory response during endotoxic shock.
Crit Care Med 2003, 31:232-236.
31. Eachempati SR, Hydo L, Barie PS: Gender-based differences in outcome in
patients with sepsis. Arch Surg 1999, 134:1342-1347.
doi:10.1186/cc12570
Cite this article as: Sakr et al.: The influence of gender on the
epidemiology of and outcome from severe sepsis. Critical Care 2013 17:
R50.
Submit your next manuscript to BioMed Central
and take full advantage of: 
• Convenient online submission
• Thorough peer review
• No space constraints or color figure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at 
www.biomedcentral.com/submit
Sakr et al. Critical Care 2013, 17:R50
http://ccforum.com/content/17/2/R50
Page 9 of 9
